Abstract. In previous decades, manufacturers faced a lot of challenges because of globalization and high competition in markets. These problems arise from shortening product life cycle, rapid variation in demand of products, and also rapid changes in manufcaturing technologies. Nowadays most manufacturing companies expend considerable attention for improving flexibility and responsiveness in order to overcome these kinds of problems and also meet customer's needs. By considering the trend toward the shorter product life cycle, the manufacturing environment is towards manufacturing a wide variety of parts in small batches [1] . One of the major techniques which are applied for improving manufacturing competitiveness is Cellular Manufacturing System (CMS). CMS is type of manufacturing system which tries to combine flexibility of job shop and also productivity of flow shop. In addition, Dynamic cellular manufacturing system which considers different time periods for the manufacturing system becomes an important topic and attracts a lot of attention to itself.
Introduction
The Cellular manufacturing system is an efficient application of group technology which is able to mix both specifications of flow line and job shop and be responded to the new requirements of the market and it is able to overcome some of the traditional weakness. Cellular manufacturing system can be considered as a successful application of group technology which is able to fulfil today's requirements [2] . Ariafar [1] expressed some of the main benefits for implementing the CMS in comparison with traditional manufacturing system which are as follows:
1. Reduction in inventory 2. Reducing the work in process 3. Decreasing the set up time and throughput time
In cellular manufacturing system, parts are grouped based on their similarities like shape, tolerance and process plan. These groups of parts will be called part families. There are many machine cell in CMS and in each machine cell, there are dissimilar machines which are dedicated to the manufacture of one or more part families. The CMS implementation leads to reducing the throughput time (by reducing the set up time, wait time, and move time), reducing the material handling cost and inventories and also increasing the market response times [3, 4] . Cellular Manufacturing system has two main elements which have been shown in the Figure 1 .
Figure 1, Elements of CMS
The first step in designing CMS is called cell formation (CF) which is process of grouping parts in to the part families and also dedicating part families to machine cell in order to produce. This step in CMS is a crucial stage and gained a lot of attention to itself, indeed it is a well-studied problem during these decades [5, 6, 7, 8] . The next prominent step in designing CMS is layout design. In fact, the aim of this step is, arranging departments, aisles, machines, tools and instruments in the shop floor in the most efficient way. layout design in CMS includes arranging the cells in the shop floor (Inter-cell layout) and also arranging the facilities in the cells (Intra-cell layout). Layout design is an important decision in CMS and has a tremendous impact on manufacturing performance; hence, evaluating the performance of layout is a crucial issue in manufacturing system. In order to evaluate the layout performance, different criteria can be defined for this mean such as: material handling cost, throughput time, lead time and so on. Based on literature, material handling cost is the most important criteria which are applied for evaluating the layout performance. In other words , 20-50 % of the operating expenses have been allocated to material handling cost, and indeed operating expenses can be reduced by 10-30% via an efficient layout design [9] . Therefore, a well-designed layout leads to reduce material handling cost, lead time and throughput time. In contrast, inefficient layout causes to system inefficiency, cost increasing and also accumulated work in process increasing. Although, the importance of layout design is obvious in manufacturing system especially in CMS, this issue absorbed less attention in comparison to cell formation [1, 6, 10, 11, and 12] . On the other hand, another crucial issue in CMS is related to the concept of static or dynamic environment. Indeed, there are two types of manner for cellular manufacturing system which are static and dynamic condition. A static environment is related to the traditional CMS where no changes in the demand are taken into account whereas in dynamic environment, the part demand volume and part mix will change [5] . Most previous articles considered the CMS under the static condition and just formed cells in a single-time period. In contrast, dynamic situation which is more realistic concentrated on a multi-period planning horizon where the demand and product mix will change over the periods; therefore, optimum cell configuration in one period may not be suitable for another period [2] . In addition, due to short life cycle, this leads to changes in demand and product mix over the periods, concentrating on dynamic situation in manufacturing system is more real than static situation. Nowadays most of the researchers focused on dynamic CMS since it is more practical and is more close to reality. Cellular manufacturing system and dynamic environment have been emerging topics in the recent years and they have gained a lot of interest from researcher's side [1] .
Dynamic cellular manufacturing system
There are two types of manner for cellular manufacturing system which are static and dynamic condition. A static environment is related to the traditional CMS where no changes in the demand are taken into account whereas in dynamic environment, the part demand volume and part mix will change [5] . Most previous articles considered the CMS under the static condition and just formed cells in a single-time period. In contrast, dynamic situation which is more realistic concentrated on a multiperiod planning horizon where the demand and product mix will change over the periods; therefore, optimum cell configuration in one period may not be suitable for another period [2] . In addition, due to short life cycle, this leads to changes in demand and product mix over the periods, concentrating on dynamic situation in manufacturing system is more real than static situation. Nowadays, most of the researchers focused on dynamic CMS since it is more practical. For instance, some of the done researches in this area are summarized in this section. Wicks and Reasor [13] proposed a mixed integer program for solving cell formation problem under dynamic situation in cellular manufacturing system. Their goal were minimizing inter cell material handling cost, reconfiguration cost and capital investment. They applied genetic algorithm for solving their model. In addition, Mungwattana [14] developed two models for CMS under dynamic situation with regards to stochastic production requirement, routing flexibility and cell reconfiguration period by period. Plus, machine allocation problem had been considered in their models for make it more comprehensive. Moreover, Tavakkoli designing the CMS. They carried out a research to reach the minimum machine fix and variable cost, inter and intra-cell material handling cost and also reconfiguration cost under the dynamic situation. Additionally, Defersha and Chen [20] proposed a mathematical model for solving the dynamic cell formation problem. In their model they considered the accessibility of the machines and tools of the operation. Tavakkoli-Moghadam et al., [21] proposed an integer-linear programming model in order to solve cell formation problem under the dynamic situation in CMS. They applied simulated annealing for solving their problem. They made attempts to reach minimum sum of the inter-cell movement cost and machine cost. In addition, Safaei and Tavakkoli-Moghadam [22] integrated cell formation and production planning problem in a mathematical model under the dynamic situation in CMS. Their research goals were, minimizing inter and intra-cell movement, reconfiguration, subcontracting and inventory holding cost. Bajestani et al., [23] proposed non-linear model for solving cell formation problem and also defining reconfiguration plan in dynamic cellular manufacturing system. Their multi-objective model includes minimization of cell load variation and also minimization of inter-cell material handling cost, reconfiguration cost and machine purchase cost. Kioon et al., [24] presented a mathematical model in order to configure the cell in CMS. They took in to the account different type of production programing such as sequence of operations, dynamic configuration of the cell, multiple process paths, parts outsourcing, maximum number of accessible and limitation of cell size. Moreover, Deljoo et al., [25] solved cell formation problem under dynamic environment in CMS. They applied Genetic Algorithm for solving their model. Mahdavi et al., [26] proposed a model in order to solve the cell formation problem with regards to inventory level, cell reconfiguration and worker assignment to the jobs in dynamic cellular manufacturing system. Their objective were: minimization of holding cost, backorder cost, inter-cell material handling cost, machine cost, reconfiguration cost, salary cost, hiring cost and firing cost. They applied branch and bound for solving their model. Saxena and Jain [27] presented a mixed integer programming model for dynamic CMS in order to solve the cell formation problem. Their model concentrated on machine breakdown, inventory holding, production planning, internal production vs. part outsourcing, inter and intra-cell travel, lot splitting, alternative process routing, operation sequencing, identical machines. Also their model considered machine capacity, tool requirement, work load balancing, machine adjacency constraints, machine procurement and cell reconfiguration. Rafiee et al., [2] proposed a mathematical model which is integration of cell formation and inventory lot sizing problem. They made attempts to minimize the cost of: machine procurement, cell reconfiguration, preventive and corrective repairs, inter and intra-cell material handling, machine operation, part subcontracting, finished and unfinished parts inventory, defective parts replacement. The proposed model was under the dynamic situation with regards to alternative routing, machine capacity limitation, operation sequences, cell size constraints, process deterioration and also the machine break down were taken into account. Moreover, Ghotboddini et al., [28] proposed a mixed integer mathematical model for CMS by considering the dynamic environment. Their model focused on determining the part and machine grouping with labour assignments. Their objectives were, minimizing fixed and variable cost, inter and intra-cell movement, overtime working cost, labour transfer cost, machine purchase cost and also maximizing the human resource utilization rate. Kia et al., [29] proposed an integer non-linear model for designing machine layout under dynamic situation in CMS. They considered different features in their model such as: operation sequence, operation time, alternative process routing, duplicate machine, machine capacity, route selection, production volume of parts, cell reconfiguration, and uncertain part demand and machine capacity. In addition they take into the account the dimensions of machines for making their model more practical. They assumed that all machines have equal-area size. Kia et al., [30] proposed a mixed integer nonlinear programming model for layout design in DCMS. They solved their model via simulated annealing method. Moreover, in their model different elements such as alternative process routing, lot splitting and flexible reconfiguration had been considered. They carried out a research to minimize the cost of: intra and inter-cell material handling, machine relocation, purchasing machines, machine overhead and processing. Majazi Delfard [31] proposed a nonlinear mathematical model for cell formation problem in dynamic environment with regards to number and average length of inter and intra-cell movements in manufacturing system.
Conclusion
Cellular manufacturing system is one of the main applications of group technology which gains a lot of attentions to itself during these years. In addition, due to short life cycle which leads to changes in demand and product mix over the periods, concentrating on dynamic situation for manufacturing system is closer to the reality than the static situation; therefore, nowadays most of the researchers focused on dynamic CMS since it is more practical. To put differently, cellular manufacturing system and dynamic environment have been emerging topics in recent years and they have gained a lot of intrest from researchers side; hence, author made attempts to have a brief review on dynamic cellular manufacturing system and focused on all published papers in this topic which can be helpful for other researchers who intend to do the research on this subject.
